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IMPROVEMENTS RELATING TO PAYLQAD MODULES 

Field of the Invention 

This invention relates to a payload module. In particular, this invention 
relates to a non-planar payload module that may be used In space applications. 

5 Background of the Invention 

The standard current concept for satellite payload oonfigunaflon te to 
layout the payload equipment on aluminium sandwich panels. A number of 
such panels make up an assembly called the Communications Module (CM). 
Thermal dissipation is typically handled by a combination of locating the 
10 dissipative units on (a) north end south ^cing radiator panels, and (b) internal 
panels (typically floors) thennaliy linked to the north and south facing radiators 
by heat pipes or pumped loops. 

The disadvantages of the Imown cunent standaid are: 

• the essentially layout delivered by a flat panel-based 
15 configuration* which leads to an inherently long rf harness length and 

reduced rf efficiency; 

« costly manufacture and assembly using potted taiserts for equipment 
attachments to composite panels: 

• the flat panel structure which is reliant on the rest of the spacecraft 
. 20 structure or on an eKtemai handling frame to provide out of plane 

stiffness and overall structural integrity (leading to higher costs 
because of Sen/ice Module (SM) / CM interaction, CM / SM interface 
complexity and/or complex CM / SM Assembly, Integration and Test 
(AIT)). 

25 Figure 1 shows schematically how a standard spacecraft payload 1 is 

typically used to manage the generation of waste heat. As shown, the payload 
1 receives electrical power from its bus and converts the received power into 
transmission and reception of electromagnetic radiation. Waste heat is 
generated by the payload 1 during the energy conversion process. 



m 

Figure 2 shows schematically how heat flows typically from thermally 
aissipaiive paytoad~equlpment-2- onra-North/Scuth-facing radiator panel 3 of an 
equatorially-orbiting conventional spacet^lt. As showi m the FigurOt by way of 
example, heat is conducted from two themially dissipafive payioad eciuipments 
5 2 to a face of the panel 3, and heat is ttien radiated fiom an opposing face of 
the panel 3 to space. The pa^oad equipments are mechanicaiiy attached to 
the North/South-fecIng pan^, which are the coldest, seeing minimal soiar 
illumination throughout the year. Typically, the panels are between 15mm and 
25mm thick. The panels are made from composite materials that have a high 
10 strength to mass ratio but have poor thermal conductivity. The inclination of the 
Earth's rotation, relative to its orbital plane around the sun. means that the 
North and South-facing panels alternately receive a ma^dmum of about 60 W/m^ 
of solar illumination during tfie summer and winter seasons. 

Figure 3 is a plan view of a standanj spac^cr^ft panel layout 10. showing 
15 the typical Unction and interconnections between equipment As shown in the 
Figure, by way of example only, the payioad panel configuration has a radiating 
element 1 1 with diplexer 12 which In turn is coupled to a combfriation of power 
amplifiers 13. filter(s} 14 and spiitter(s) 15 and power combiner 16. The power 
equipments primarily generate themial dissipation. It is to be understood that 
20 the radiator area in use Is QQt fully utilised because the non-thenmaliy 
dissipating equipments occupy space and because lateral heat flow across the 
panel is poor. Note also that the panel dimensions are greater than 2m square, 
typically, which results in long inefiicient connections t>etween the radiating 
elemant 1 1 and the power amplifiers 13. 

25 Figure 4 is a schematic representation of another standard spacecraft 

pane! layout 20, showing how orthogonal heat pipes are typically embedded 
within the panel. In this known arrangement, heat flow across the panel is 
lmpix>ved. as compared to that in the Figure 2 arrangement, permitting full use 
of the radiator area to be utilised by dissipative equipments. Typically, the heat 

30 transport capacity of the embedded pipes te almost ten times better than 
required, 
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The present Invention aims to overcome or at least substantially reduce 
some of the above mentioned problems associated with known configurations. 

It is a principal object of the present invention io provide a robust, three- 
dimensional payload modular structure that can efiiectively support complete 
5 payloads or without reflectors. 

It id another principal object of the present invention to provide a three- 
dimensional self-contained payload modulet for spacecraft for example, which 
can be assembled and/or tested as an Independent entity. 

It is another principal object of the present invention to provide a compact 
10 and ^mpie payload modular stnicture witfi few piece parts, low output losses, a 
high degree of modularity, and a high thermal radiator efficiency. 

In bixiad terms, the present Invention resides in the concept of providing 
a non^planar payload module strucbjre which is configured to support complete 
payloads comprising sufflclent ciosely-pactced mechanical/thermal modules. 

15 Thus, acoonding to a first aspect of the present invention there is 

provided a plurality of sufficient ciosely-packed ftinctional units IntercOTnectad 
to form a non-planer payload module. 

Further, according to a second aspect of the present invention there is 
provided e non-planar payload module comprising: a supporting s^cture for 
20 . supporting the payload equipment; and a receiving volume for receiving the 
payload equlpmem, said volume being defined by the requirement to 
accommodate a predetemrtined sufficient ciosefy-'packed formation of 
interconnected functional units. 

Further, according to a third aspect of the present invention there is 
25 provided a non-planar payload module comprising: a supporting structure for 
mechanically supporting a number of interconnected functional units; said 
number of functional units being arranged to provide a sufficient closely-packed 
modular fonmatlon occupying a predetermined volume of the module; a number 
of thermal radiators positioned remotely in relation to the position of the 
ao supporting structure; and means operable to define a thermal pathway between 
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one or more dissipative elements of said module and said number of thermal 
radiators so that itLJLiSi& dissipated heat is transported from said one or more 
elements to said number of thermal radiators via the themnal pathway. 

In accordance with an exemplary embodiment of the invention which will 
5 be described hereinafter in detail, the non-planar payload module Is comprised 
by a faceted tubular body for receiving the constituent functional units. 
Optionally, the faceted tubular body has ar^ inrtegular polygonal stnicture ^ for 
example^ ttie faceted tubular body could be octagonal -shaped with eight units 
arrayed in an irregular octagon around an opening defined by the body, with 
10 appropriate structural and equipment attachments. It is to be understood that 
the faceted tubular body could, in principle, be of any suitable shape and 
construction that provides fiacets of sufficient size and number for (a) the 
functional unite plus connecting harness, end for ip) adequate structural 
support 

15 Advantageously, the payload module includes feed means for converting 

electrons into photons or vice versa. Preferably, when the module Is comprised 
by a ^ceted tubular body, the functional units are mounted at different 
predetenmined locations on a plurality of inner faces of the faceted body and the 
associated feed locations are mounted in proximate relationship to the 

20 functional units at different predetemnlned locations on conesponding external 
faces of the faceted body. This arrangement has the advantage of reducing 
loss in the output harness (amplifiers to feeds) by suffident close packing of the 
ftjnctional units Into the tubular body in close, proximity to the feed. 
Alternatively, if desired, the functlanal units could be mounted at different 

25 predetermined locations on a plurality of external faces of tiie faceted body and 
the associated feed locations could be mounted in proximate relationship to the 
function^ units at different predetermined location& on osrresponding Inner 
faces of the faceted body. 

In accordance wth another exemplary embodiment of the invention 
30 which will be described hereinafter in detail, the non-planar payload module Is 
comprised by a rack-type mountihg chassis, Convenientiy, a receiving space is 
defined by the cdiassis to accommodate a linear array of functional units, each 



of the units being slidabiy mounted on the chassis when In use* This permits a 
— compact modtilarstraeture-lo-be-proviciedT 

Convenientlyi the module includes temperature compensation means 
such as heat jpSpes and circuitry which can gather heat dissipated by the 
functional units and can respond to the output of dissipated heat for adjusting 
temperature difTerenoes in the module. 

The present Invention also extends to a spacecraft vehicle/satellite 
incorporating the above described modula As applied to a satellite, this 
Invention proposes an efficient means of managing the waste heat generated 
by a satellite payload. 

Further, the present invention extends to a oommunlcations system for 
airborne use incorporating the above described module. 

Further, the present invention extends to a radar <x>mmunIcations system 
incorporating the above described module. 

Further, the present Invention extends to an opticai/quasl-opticat system 
incorporating the above described module. 

Further, the present invention extends to a self-contained payload 
module with external power means and extemal locating means fbr location of 
the module in a desired position. 

It is thus to be appreciated that the above described payload module 
concept offers definite advantage in various respects* namely; 

* a payload modular configuration that reduces/minimises the loss in 
ttie output harness (amplifiers to feeds) by sufficient ciose-paclcing of 
the functional units in the stmcture, in close proximity to the feed - this 
means that the inefficiency of the payload is effectively reduced, and 
in turn can be used to either reduce the size of the amplifiers and 
power raising and thermal radiation aspects (when applied to a 
spacecraft/satellite for example) or to increase the perfomiance of tiie 
payload: 



* a payload modular configuration with enhanced modularity between 
platfeim-aRdHaayjoad^mibetween. payLQ8iLfigpfis;_ . 

* a payload modular configuration that aimplifiad the payload mounting 
structure, reduces the part count, encourages an increased level of 

5 standardisation and reduces the overall customisation cost; and 

* a payload modular configuration that permits effective/optimal use of 
the thermal radiator area by ensuring a full dissipation^ for example 
from either north or south radiator when applied to spacecraft. 

it la aiso'to be appreciated that the proposed payload module concept, 
10 when applied to spaceciaft, offers (a) a robust and oompact-eized three 
dimensional (rath^ than planar) structure that can support complete payioads 
except reflectors, (b) remote thermal radiators and (c> a thermal system that 
gathers the dissipated heat from the payload equipment maintains any 
specified differential temperatures t>etween the constituent modular structural 
15 units and transports the dissipated heat from the unite to the thermal radiators. 
It Is to be understoor> that the thermal radiators are s^arated from tiie modular 
units and may comprise remote north and south facing radiators. The particular 
advantage of separating the equipment mounting function of the module from 
the thermal radiator function is that it permits the modularity and thermal 
20 radiator efficiency to be substantially enhanced. The inventors have deverly 
tatcen advantage of this, despite the reoognitton that separating the equipment 
mounting function of the module structure from the thermal radiates function has 
the effect of oompiicating the thermal path from dissipative unite of the module 
to the radiatora. 

26 Convenientiy, it is a simple task to implement smali. "add-on", or 

experimental payload modular pacl^ages of the above described type in 
spacecraft. If desired. The payload modular packages can then function as self- 
contained, piggy-back type packages. 

It Is to be understood that the proposed module has a simpliried, flexiUe 
30 and mechanically robust design and can be easily implemented at reasonable 



^-,f.^'.SS^ ™1 Intellectual Prop 



TO CB PfliT OFFICE 



-7- 

space-based applications. The proposed module des^n could 
"eqoal'y^'asecHbr-teniBsWal^iTimunlsa^ 

The above and further features of the invention are set forth with 
particularity in the appended claims and will be described hereinafter with 
5 reference to the accompanying drawings. 

Brief Description of the ara»Atf t^ 

Figure 1 a schematic representation of a standard spacecraft payload. 
showing how H is used to manage the generation of waste heat; 

Figure 2 shows schematically how heat flows typically from payload 
10 equipments to panel on a conventional orbiting spacecraft; 

r^uTB 3 Is a schematic plan vtew of a standard spacecraft panel layout, 
showing the typical function and mterconnecKons between equipment; 

Figure 4 Is a schematic representation of another standard spacecraft 
panel layout, showing how orthogonal heat pipes are lypicaOy embedded within 
15 the panel; 

Figure 5 is a schematic representation of a collecUon of payload 
equipments which assemble to provide a payload module embodying the 
pre^nt inv^ion; 

Figure 6 is a perspecUve view of a faceted tube structure for add-on or 
experimenlal payload modules according to another embodiment of the present 
Invention; 

Figure 7 is a top plan view of a faceted tub© payload module with 
functional units, accoiding to another embodiment of the present invention; 

Figure 8 is a perspective view of a C-band payload module in 
25 accordance with another embodiment of the present invention; 

Figure 9 is a perspective exploded view of two faceted tube payload 
module structures, as applied to C-band and Ku-band payload on a typical 
spacecraft plattomi. In accordance with another embodiment of the present 
invention; 
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Ffgure 10 (a) and 10 (b) provide a schematic comparison of two payload 
configurations as- appiied-to-the same space, mission. Figure 10 (a) showing a 
Geo-mobile payioad oonventionaily configured on a typical spacecraft platfonm. 
and Rgure 10 (b) showing five faceted tube payioad nrodules in accordance 
wHh another embodiment of the preserit invention, these being implemented 
vwth the same platform as In Figure 10 (a): and . 

Figure 1 1 is a perspective view of an assembly of rack-nnounted payioad 
equipmente which provide a payioad rnodule in accordance with another 
emtiodim^ of the present invention. 

Detaiied Description of Prefiawed Embodiments. 

in this spedfication the term "payioad module" will be understood l^y 
those skilled in 0ie art to mean or cover an arrangement in which tfie payioad 
equipment is dosety-padced into one. two or more mechanical/thermal 
pacicages or modules. 

Also, in the specification the temi "non-planar" will be used to qualify the 
dimensionality of the proposed payioad module insofar as it is intended to refer 
to a three dimensional (3-D) module stmcture (rather than a two dimensional (2- 
D) planar module structure). 

Also, in this specification the term lunctionai units' will be underatood to 
mean the complete payioad equipment or a subset of the payioad ec;pjipment 
excluding the mechanical and themnal support coinponente. in this connection, 
it is to be understood that the temi "payioad" refers to the coIiecUon of 
equipments, that convert the eledrictt/ generated by a bus (lypicaliy a 
spacecraft bus from solar panels) into transmission and reception of 
electromagnetic radiation. The radiaticHi may contain data for 
teleoommunieations or be used directly for ranging as In FMDAR/LIOAR 
applications, it is to be understood that the term "payioad" could also refer to 
collections of equipment that are organised predominantly for the reception only 
of electromagnetic radiatton. 

Referring now to Rgure 5, there is sehematicaily shown therein a 
prefen-ed payioad module assembly 40 for spacecraft embodying the present 
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invention. The payload modute assembly 40, generally indicated as a collecUon 
of blocks in Figure 5. comprises a close-packed collection of payload 
equipments In the fbrm of an EM radiating element 45, a dipiexer 46. a low 
noise input amplifier 47, a plurality of power amplifiers 48, a power combiner 49. 
6 a filter splitter stage 50 and a fiequenqr conversion stage 51 . This kind of close 
padced modular an^ngement 40 conveniently permits short effii^ent 
connections to be provided t»etween the respective payload equipments. 

As shown In Figure 5. the payload module assembly 40 is conneded to 
heat pipes 55 which are In tum connected to the north/south-fadng radiator 
10 panels 57. 58 of tiie spacecrafL In this arrangement, the payload module 
assembly 40 Is positioned remote from Ihe north/south-f^dng radiators 57, 58. 

In operatton of the thus described dose packed modular arrangement, it 
will be understood that heat is transports from the thermally-dissipative 
payioad equipments of the module to the heat pipes 55 (as shown) by means of 
15 conduction and that the heat is then transported via the heat pipes 55 to the 
radiator panels 57, 58. As shown, heat is then radiated by the panels out to 
space. Note that tlie proposed symmetrical thermal link tsetween north and 
soutivfacing radiator panels, as shown, permits solar gain in summer and winter 
to t)e efficiently managed. 

20 In tftis embodiment of the present ^vention, it will be understood that no 

mechanical fixing of the payload equipments to the radiator panels is required, 
removing structural loads and permitting light panels to be used. If desired, a 
set of parallel heat pipes can be embedded in the panels (not shown). 

Figure 6 shows a second emlsodiment of the present Invention in which a 
25 regular faceted tube structure 70 tor add-on or e^qserimental payload modules Is 
deployed on a conventional satellite 72. in this emt)odiment, the payload 
equipments are configured in close-packed fashion (as described previously in 
relation to the Rgure 5 emt>odiment) within the faceted tube 70. locatod on the 
satellite in a similar fashion to a feed tower. As shown, a plurali^ of feeds and 
30 antenna reflectors are configured on external faces of the tube 70. The 
functk>nal units are mbuntsd to heatpipes (not shown) aligned along the tube 
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ienglti, on 1h$ intemat feces of the tube 70. Alternatively, if de&ired. the 
functional units could- be- mounted to heatplpes on external faces of the tube 
(not shown) and the feeds could be mounted on Internal faces of the tube (not 
shown). Whilst the faceted structure in ttiis embodiment is shown tp be a 
6 regular hexagonal tube 70, the tube «)uld alternatively be of a different shape 
and constructton that provides ^cets of sufficient size and number for the 
functional units plus connecting harness Bnd for adequate sbuctural support 
For example only, the faceted tube could instead be a thick sign (typically 4mm> 
carbon fibre reinforced plastic (CFRP) regular or irregular octagonal tube (not 
10 shown), with structural equipment attachments implemented with bote passing 
through equipment flanges and the tube laminate into simple rurta. 

In operation of the thus described Rgure 6 arrarigement. It will be 
understood that longitudinal heatplpes (not shown) may be used to gather the 
dissipated heat end ensure small temperature diflerentials between units on the 

15 same lacet Note that the remote radiators (not shown), for what would be a 
small percentage of the totel dissipated heat, could be one or more of a 
combination of the following: dedicated radiators mounted to the faceted tube, 
dedicated radiators mounted to the satellite platform or a segment of the 
satellite Y wall radiators, shared with the main satellite payload. Note also that 

20 the proposed method of heat transfer from the tube mounted heatplpes tp the 
remote radiators could be achieved using either direct connection between the 
heatpipes and the remote radiators, or indirect connection using a fluid loop. 

Figure 7 shows a top plan view of a further embodiment of the present 
invention in which a complete geostetionary satellite payload is configured to 
25 provide a plurality of teceted tube payload modules 80. 

Each of the faceted tube payload modules 80 is located at a suiteble 
position close to its associated required feed location 85 so as to 
reduce/minimise rf harness losses, and such that a good payload to platform 
modularity Is effectively implemented. As shown, the associated feeds 85 are 
30 suitably configured onto a plurality of e^mal fai»s of the feceted tube 86. 



The Hinctional units are mounted to heatpipe$ (not shown), aligned along 
the tube lengtti, on internal faces of the tube. Alternatively, if desired » the 
functional units could be mounted to heatpipes on external faces of the tube 
(not shown). 

5 Whilst the ^ceted structure fn this embodiment is shown to be a regular 

octagonal tube 86. the tube oould alternatively be of a different shape and 
construction that provides facets of sufftciant size and number for (a) the 
functional units plus connecting harness and for (b) adequate structural support. 
For example only, the faceted tube oould Instead be a thick skin (4mm) CFRP 

10 heptagonai tube (not shown), with structural and equipment attachments 
implemented with bolte passing through equipment flanges and the tube 
laminate Into simple nuts. 

In operation of the thus described Figure 7 arrangement. It wH! be 
understood that longitudinal heatpipes (not shown) may be used to gather the 

15 dissipated heat and ensure small temperature differentials between units on the 
same facet. The optimal remote radiators (not shown), for what would be neariy 
100% of the payload dissipated heat, are dedicated fixed or deployable, thermal 
radiators facing in the north and south directions. The method of heat transfer 
from the tube mounted heatpipes to the remote radiators could be achieved 

20 using either direct connection between the heatpipes and the remote radiators, 
or indirect connection using a fluid loop. Note that the more complex and 
expensive fluid loops could allow the modules to be configured in a wider range 
of orientations but an adequate configuration can be proposed witfi the modules 
located at the level of the feeds, above the platform, oriented so that the 

25 longitudinal axis of each tube is parallel to the satellite north/soutii axis. This 
configuration permits the heat transfer to be achieved with simple L-shaped 
hea^ipes, with the longer part of the heatpipe bolted to Uie banks of functional 
units (within the tube) and the other arm of the L-shaped heatpipe boHed 
directly to one or other of the north and south radiators. 

30 Referring next to Figure 8, there is shown in perspective view a O-band 

Payload Module 90 for a satellite emiwdying the present Invention. The C-band 
Payload Module 90 comprises a faceted tube structure 91 of the type described 
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in Figure 7. a pair of remote thermal radiators 92 facing in the north and south 
directtons, and a connecting n etworic of heatpqies 95 for transferring heat from 
trie faceted tube structure to the remote radiators' As shown, the functional 
units within the faceted tube stmctura 91 are located at the level of the feeds 98 
9 above the platform, oriented so that the long'ttudinat axis of the tubular stnjctui^ 
is parallel to the satellite north/ south axis. As also shown, the heatpipes are L- 
shaped, with the longer part of the heatpipe bolted to the banks of the functional 
units (within the faceted tube) and the other arm of the L-shaped heatpipe 
bolted directly to one or other of the north and south facing radiators 92. In this 
10 way, an efficient heat transfer ran be achieved during operation of the paytoad 
module 90. It will be understood also that the heatpipes 95 in use serve to 
gather the dissipated heat and in combination virtth control circuitry (not shown)» 
ensure small temperature differentials between units on the same fecet. Note in 
this Figure that not all of the fiacets are shown for clarity. 

15 Referring next to Rgure 9. there is shown in perspective exploded view 

C-band and Ku-band Payload Modules 100, for a satellite on a typical platform 
101, embodying the present invention, in this embodiment, as shown, the C- 
band and Ku-band Payload Modules 100 each teke advantege of a faceted tube 
structure 102 of the type previously described in Figure 7. As shown there are 

0 two separate faceted tubes and each of the faceted tubes 102 is structureRy 
supported by tiie platform 101 so as to be positioned directbr on top of one or 
other of the north/south fetcing radiator panels 103. As also shown, the 
associated feeds aie convenientiy mounted close to the ^ceted tubes 102. For 
sake of completeness, a plurality of stendard reflectors lOS for use with this 

5 oonfiguFation are additionally shown. 

Figures 10 (a) and 10 (b) provide a direct schematic comparison of two 
paytoad configurations as applied to the same space mission, Figure 10 (a) 
showing a Geo-mobile payload 110 conventionally configured on a typical 
platfonn 111, and Figure 10 (b) showing how five intercx>nnected faceted tubes 
0 112 (v>rtlh functional unit), of the type described previously in Figure 7, can be 
effectively configured as payload modules on the same platform 111 as in 
Figure 10(a). 
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As shown in the convenlional strudure cf Figure 10 (a), the payload i$ 
distributed across the entire wlrewafl of the stiuclure 110. Note that. In this 
case, the feed 1 15 is mounted at the top end of the stnicture 1 10. 

In contrast, as shown in the Inventive stnjcture of the embodiment of 
6 Figure 10 (b). the payload is effectively distributed in close packed formation 
across the five faceted tubes 112. with the associated feed 115' being 
proximately mounted above. Thus, because there is such an effective close 
packing of payload equipments (functional units) in this staictjre. It Is possible 
to pn:»vide a compact, yet robust three-dimensional payload module structure for 
10 supporting complete payloads. Note In this connection the marked reduction in 
size of stnicture In going fiom that of Figure 10 (a) to that of Rgura 10 (b). For 
sake of clarity of the Figures, a man is also shown 1w acale. 

Figure 1 1 shows, as a perspective view, an assembly of recked-mounted 
payload equipments (all of standard size) which provide a payload module 120 
1 5 In accordance wKh another embodiment of the present invention. 

As shown, the rack-mounted module 120 with chassis has a rectangular 
box-type configuration which is fomned to define an interior volume apace fbr 
receiving a plurality of functional units. The units could be in the tbmi of printed 
circuit boards, for example, in use. therefore, It is envisaged that two or more 
20 units can be sUdably mounted, side by side, onto the radc-mounting chassis. 
The chassis is formed of suitable (aluminium, for example) material. In this 
way. a linear array of units can be housed by the module 120. if so deeii^. 

As also shown, the associated feed in the torn of two feed horns 125 is 
mounted on lop directly to the module stoictui© 120. Its actual position wlH 
26 depend upon the particular antenna geometry. It will be understood that an 
effective heat transfer mechanism with temperature compensation means fbr 
regulating temperature diffeientlals between components of the module 
stnicture can be readDy provided, and the Figure shows one way of 
accomplishing this - more particulariy. the Figure shows how the heat pipe 
» interfaces 126 could be disposed between module 120 and radiator pan^a 127. 
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Ha^^ng thus des^ibed the present Invention by reference to various 

preferred embodiments, it Is to be appreciated that th e embodiments are in all 

respects exemplary and that modifications and variations are possible without 
departtjre from the spirit and scope of the Invention. For example, whilst in the 
s described embodiment of Figure 7 the faceted tube has a regular octagonal 
structure, ttie tube could alternatively, for example, have an irregular different 
polygonal strucbare, or a circular structure, or an oval structure or an altogether 
different squashed sbucture if desired, provided that there are facets of 
sufficient size and number for the functional units and for adequate structural 

10 support. Further, whilst only two separate faceted tubes are described in 
relation to the Figure 9 embodiment, the descrit>ed arrangement oould be 
modified by provision of additional faceted tubes for exampie, if desired, and by 
corresponding modification of the support structure, if desired. Further, whilst in 
the described embodiment of Rgure 10 (b) there are five coupled faceted tubes, 

15 the arrangement could be readily modified to accommodate less or more 
coupled faceted tubes, if desired. Furthermore, whilst in the described 
embodiment of Figure 11, the functionai units are separately mounted onto the 
rack-mounting chassis. It is equally possible for the units to be fbrmed as an 
Integral part of the payload module, If desired. 

20 It Is to be also appreciated that any payload module structure fbrmed by 

adjoining two or more functional units with non-planar interconnects fells within 
the scope of this invention. 

It is to be also appreciated that the inventive payload module stmcture 
finds utility In various space-based applications as wen as In various terrestrial 
25 applications, for example In radar/airborne communications systems, as well as 
in optical/quasi-optical systems. 

It is to be understood that any feature described in relation to any one 
embodiment may be used alone, or In combination with other features 
described, and may also be used in combination with one or more features of 
30 any other of the embodimente, or any combination of any other of the 
embodimente. 
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Furthermore, equivalents and modificafibns not described above may 
aiso-be-emDtoyed-«dthout-dfiPartino from the g^ pe of the inventio n, which is 
defined In the accompanying claims. 
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Clalna 



1. A plurality of sufficient dosely-packed functional units interconnected to 
form a non-pianar payload module. 

2. A non-planar payload module comprising: 

a supporting stmcture Ibr supporting the payload equipment; and 

a receiving volume for receMr^ the payload equipment, said voiume 
tielng defined by the requirement to aooommodate a predetennined 
sufficient dosely-pack^ formation of interconnected functional units. 

3. A non-planar payload module comprising: 

a supporting structure for mechanically supporting a number of 
Interconnected funcb'cmal units; 

said numl>er of functional units being arranged to provide a sufRcient 
ciosely-padced modular Ibrmation occupying a predetermined volume of 
the module; 

a number of themial radiators positioned remotely in relation to the 
position of the supporting s^cture: and 

means curable to define a thermal pathway between one or more 
dissipative etements of s^d module and said number of thermal radiators 
so that in use dissipated heat Is transported from said one or more 
elements to said numtser of thnmal radiators via the themnal pathway. 

i. A module as claimed In claim 1 or daim 2 or claim 3 comprising a 
faceted tubular body for receiving the units. 

>■ A module as claimed in claim 4 wherein the faceted body has an 
irregular structure. 

i. A module as claimed in dalm 4 or datm 5 induding feed means for 
converfing electrons into piiotons or vice versa. 
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7. A module as cfaimed in claim 4 or claim 6 or claim 6 wherein the 
functional units are mounted at dilferent predetemiined locations on a 
plurality of inner ^ces of the faceted body and the associated feed 
locations are mounted in proximate relationship to the functional units at 
different predetermined locations on corresponding external faces of the 
faceted body. 

8. A module as claimed in clann 4 or claim 5 or claim 6 whei^ln the 
ftinctional units are mounted at different predetermined locations on a 
plurality of external faces of the faceted body dnd the associated feed 
locations are mounted in proximate relationship to the functional units at 
different predetermined locations on corresponding Inner faces of the 
faceted body. 

9. A module as claimed in any of claims 4 to 8 wherein there are eight 
functional units arrayed in an octagon around an opening defined by the 
faceted body. 

10. A module as claimed in claim 1 or daim 2 or claim 3 comprising a rack- 
mounting chassis. 

11. A module as claimed in claim 10 wherein a receiving volume space Is 
defined by the chassis to accommodate a linear array of functional unite* 
each of the units being siidably mounted on the chassis when In use. 

12. A module as claimed in any of the preceding claims Including 
temperature compensation means« 

13. A module as claimed in claim 12 wherein said temperature compensation 
means includes a number of heat pipes for gathering heat dissipated by 
the fijnctional units and circuitry responsive to the output of dissipated 
beat for adjusting temperature differences in the module. 

14. A spacecraft vehicle or satellite Incorporating a module as claimed in any 
of the preceding claims. 

15. A communications system for airborne use incorporating a module as 
claimed in any of the claims 1 to 13. 
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le, A radar communications system Incorporating a module as claimed in 
any of the clatmsj to 1 3.^ 

17. An optical/quasi-optical system incorporating a module as daimed In any 
of the claims 1 to 13. 

5 18. A module substantially as described herein with reference to Figures 5 to 
11 of the accompanying drawings. 

19. A self-contained payload module with external power means and 
external locating means for location of the module in a desired position. 
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ABSTRACT OF THE DISCLOSURE 
^ ^IKHPROVEfflENTS-REDmNG-TO PAYLOAD MODULES" 

There is disclosed a plurality of sufficient dosely-pacfced functional units 
whi(^ are Interconnected to iom a non-ptenar payload module as8end>ly 40. 

5 Advantageously, the payload modular structure 40 Is compact with few 

piece parts, has low output losses, and Is robust enough for supporting 
complete payloads with or without reflectors. The payload modular stmcture 
has utility in various space-based applications as w^l as in various terrestrial 
applications. 

10 (Figure 5) 
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